A new technique sensitive to molecular orientation and geometry, and based on measuring the polarization of x-ray emission, has been applied to the Cl-containing molecules methyl chloride (CH3C1) and the chlorofiuoromethanes (CF3C1, CF,C12, and CFC13) in the gas phase. Upon selective excitation using monochromatic synchrotron radiation in the Cl K-edge (Cl 1s) near-threshold region, polarization-selective x-ray emission studies reveal highly polarized molecular ualence x-ray Auorescence for all four molecules. The degree and the orientation of the polarized emission are observed to be sensitive to the incident excitation energy near the Cl K edge. In some cases, the polarization direction for x-ray emission reverses for small changes in incident excitation energy (a few eV 
I. INTRODUCTION
X-ray-emission spectroscopy (XES) has a proven history of elucidating core-level phenomena in atoms, mole- cules, and solids under a wide variety of conditions. '
Traditionally, this work has relied upon incident excitation by x rays, either from fixed-wavelength sources or polychromatic (Bremsstrahlung radiation) sources, or by high-energy electron impact. These methods have yielded many excellent results. ' However, one desirable goal, namely the ability to selectively excite near-edge features, has remained generally difFicult to achieve.
This difficulty stems from either the lack of excitationenergy selectivity or the lack of sufficient x-ray intensity of the traditional excitation sources.
Synchrotron-radiation (SR) sources in the x-ray energy range have shown promise in alleviating this difficulty, in particular, providing suKciently intense tunable (and polarized) x rays throughout the near-threshold regions of the core levels of most elements.
The first x-rayemission measurement of this sort, for the Ar K edge, illustrated the soundness of this approach, and revealed a wealth of information on resonant and multivacancy effects in x-ray spectra not previously attainable. Since that initial experiment, a SR beamline dedicated to XES has been commissioned, and preliminary results have been reported. ' The critical importance of selective excitation by tunable incident radiation has been borne out by these new results. are detected by a one-dimensional position-sensitive proportional counter (PSPC) that has been described previously.
Operation with the PSPC allows a complete xray-emission spectrum (=40-eV-wide window at the Cl K edge) to be accumulated simultaneously.
One drawback to this geometry is that each x-rayemission peak detected in the PSPC receives contributions from x rays which traverse slightly different paths from the gas cell to the crystal and then to the detector. Fig. 1 ) or perpendicular to the propagation vector of the SR, ensuring that Auorescence from the sample polarized parallel or perpendicular, respectively, to the incident polarization vector is primarily detected. Thus, a rotation of the secondary spectrometer by 90' about the vertical axis of Fig 
III. RESULTS
In this section, each molecule studied will be discussed in turn. For the CH3C1 and CF3Cl results, previous publications' ' should be consulted for some additional details and discussion.
A. CH3Cl Figure 2 shows a measured absorption spectrum of CH3C1 in the vicinity of the Cl K edge and a Cl K-V (historically referred to as K/3) valence-electron fluorescence spectrum taken with an incident photon energy of 2880 eV, well Fig. 2 , strikingly difFerent K-V spectra are obtained as a function of the emission polarization angle (see Fig. 3 ). The parallel and perpendicular symbols in Fig. 3 refer to the experimental geometries described in Sec. II and shown in Fig. 1 for the parallel case. In Fig. 3 Equations (2a) and (2b), plus the measured peak intensity ratios of 0.86(5) and 0.34(5) for parallel and perpendicular polarization (Fig. 3) (5) 0.65 (7) 0.68 (7) 0.80 (8) 0.63(6) 0.68 (7) -0.01 (5) 0.22(4) 0.1 1 (5) 0.10 (6) -0.14(6) -0.04 (6 0.51 (5) 0.57 (6) 0a 0a
Other incident energies
The primary measured result from the PXES experiment on CH3C1 is B-to-C peak-intensity ratios at a given incident energy and a given emission polarization angle. These values are shown in Table II and plotted in Fig. 4 .
The large polarization effect for feature-D excitation is readily apparent, as are possible smaller effects at features E, F, and G. Differences in parallel and perpendicular ratios of 0.1 or less are not considered significant, although the general trend for above-threshold energies might suggest a bigger B-to-C ratio for perpendicular polarization.
At the highest photon energy studied, 2880 eV, the Bto-C ratios for the two polarization angles are identical to within experimental uncertainty. This indicates that the values for P for peaks B and C are essentially equal at 2880 eV. Exact equality of P values is possible only for P~= P&=0, and thus aII =a~, and the ionization process well above threshold should be isotropic. It is useful to realize that polarization effects above the ionization threshold will reflect alignment of the K-hole state, just as for resonant excitation (e.g. , on feature D). Alignment in the above-threshold case refers to nonstatistical population of the available continuum states (ka"ka2, and ke), effect should be ev d ident. More detailed measurements need to be made to fully confirm this expectation.
Assuming that 2880-eV ionization is indeed isotropic i.e. , P =P =0) , P~= c = ), we can use the 2880-eV spectra as baseline measurements
to determine values of P for both peaks B and C under conditions of near-threshold excitation. These results for peaks B and C are listed in Table  II and lotted At higher energies (near features E and F), we observe small but robabl a u pro a y significant degrees of polarization. These suggestive findings illustrate the potential of PXES for spectroscopic analysis due to its sensitivity, even in t ese preliminary measurements, to the near-threshold absorption structure of gas-phase molecules.
To illustrate this sensitivity more clearly, we show in ig. 5 PXES spectra for excitation at 2829.8 eV on feature F in the CH3C1 absorption spectrum of Fig. 2 .
These two parallel-and perpendicular-polarization spectra have been scaled to have identical peak-C areas, as was done for the feature-D spectra in Fig. 3 . Two obvious differences with respect to Fig. 3 are notable. Firstly, the polarization effect is much smaller b t 't er, u it persists even above the ionization threshold. Second, the polarization effect is reversed compared to feature-D excita- Figure 6 shows a measured CF3C1 absorption spectrum in the Cl K-ed e re i g g on and a Cl K-V emission spectrum taken with an incident photon energy of 2880 eV, far above the C1 1s threshold. Peak energies and possible assignments are presented in Table III Refs. 7 and 8. As
2880-eV
As efore, no polarization effect i d t t bl f -e excitation. The intensity of emission peak C in both spectra of Fig. 7 has been scaled equally for comparison.
Qualitatively, the PXES results in Fig. 7 can be understood by reference to the discussion for CH3C1, because CF&C1 has the same symmetry, and the excitation and emission transitions are analogous to those in CH3Cl. ' ' and also follows directly from the discussion of CH3C1. Based on the A-to-C and 8-to-C peak intensity ratios in both polarizations (Table IV) The results are 0.10(3) and 0.24(4), respectively. The present data for CF3C1 (and CFC13 and CF2C12) are not sufficiently comprehensive to permit the polarization analysis described in Sec. III A 1.
At some incident photon energies other than 2823.5 eV (feature D), we measured A-to-C and 8-to-C peakintensity ratios as a function of polarization angle. These values are given in Table IV . Generally, we observe a polarization dependence for the ratios for incident energies near feature D in the absorption spectrum.
C. CFC13 Figure 8 shows a measured CFC13 absorption spectrum in the Cl E-edge region and a Cl K-V emission spectrum taken with an incident photon energy of 2880 eV, well above the Cl 1s threshold. Peak energies and probable assignments are given in Table V , and have been adopted from Refs. 13 and 58. Previous results for Cl K-V emission disagree with the present peak energies due to calibration errors in the earlier measurement.
In contrast to CH&Cl and CF3C1, CFC13 has three constituent chlorine atoms, rendering the Cl E absorption and emission processes more complicated, even though LaVjlla {Ref.58). 
